Background: A prolonged QT interval can lead to malignant ventricular arrhythmias and sudden cardiac death, and has frequently been found in end-stage liver disease (ESLD). However, myocardial repolarization lability has not yet been fully investigated. We evaluated the QT variability index (QTVI), a marker of temporal inhomogeneity in ventricular repolarization and an abnormality associated with re-entrant malignant ventricular arrhythmias. We determined whether QTVI is affected by the head-up tilt test in ESLD.
Introduction
Liver cirrhosis is associated with a broad spectrum of cardiovascular changes, ranging from subclinical alterations to hyperdynamic circulation and cirrhotic cardiomyopathy [1, 2] . The major electrocardiographic change in cirrhosis is the prolongation of the QT interval, which is related to the severity of cirrhosis, and is independent of its etiology [3] [4] [5] . The prolongation of QT interval is associated with malignant ventricular arrhythmia and sudden cardiac death in end-stage liver disease (ESLD) and myocardial infarction [5] [6] [7] . Many factors are responsible for the prolongation of the QT interval in acquired conditions, such as cardiac, neurological, and electrolyte disturbances, as well as autonomic imbalance from sympathetic nervous system hyperactivity [8, 9] . These factors can be associated with an alteration in the QT interval in patients with ESLD.
The QT variability index (QTVI) is a non-invasive measure of beat-to-beat QT interval fluctuations that easily assesses temporal myocardial repolarization lability [10, 11] . QTVI is a well-established global assessment tool for risk of sudden cardiac death, not only in high-risk groups but also in patients with mild-to-moderate arrhythmic risk [10] [11] [12] . QTVI is also influenced by alternation in the RR intervals in the autonomic nervous system or its direct effect on the QT interval itself [13] . Autonomic cardiovascular dysfunction and impaired baroreceptor reflex are well known to occur in ESLD [1, 2, 14] . Abnormal sympathetic activity plays a role in electrophysiological change and cardiac dysfunction in ESLD, including the prolongation of the QT interval [14, 15] . QTVI is a measure of cardiac sympathetic activity to some extent, and it increases in healthy subjects with postural change and infusion of isoproterenol [16] . We speculated on the alteration of QTVI after a head-up tilt test in patients with ESLD with autonomic dysfunction. The head-up tilt test affects the autonomic nervous system, suggesting that there is parasympathetic withdrawal or sympathetic tone activation [17] .
This study aimed to determine whether QTVI is affected by the head-up tilt test in cirrhotic patients, depending on the severity of their disease.
Materials and Methods
Twelve control subjects and 36 cirrhotic patients, who were scheduled for living-related liver transplantation, were enrolled ( Table 1 ). The Declaration of Helsinki and the Ethics Committee of our institute accepted the study protocol, and informed consent was obtained from all subjects. The etiology of the ESLD was hepatitis B. Patients were assessed according to Child's classification and the Child score assessment was done within 7 days of the study. Patients who had a history of cardiorespiratory disease, valvular heart disease, or septal defects, or those with abnormalities in conduction or with arrhythmias, and those treated with drugs known to prolong the QT interval, were excluded from the study. Each Child score group had 12 patients. Because there were no relevant previous studies, after the conclusion of the study, a post hoc power calculation with Gpower 3.1 (Dusseldorf, Germany) used the outcomes observed between the groups to show that the sample size was sufficient to detect a difference.
Study subjects were placed in the supine position in a quiet room with an ambient temperature ranging from [24] [25] [26] o C at least 2 h after they had last eaten. Lead II was used to monitor heart rate on an electrocardiography (ECG, Hewlett-Packard 78352A, CA, USA). Beat-to-beat ECG signals were digitized and collected at 500 Hz using an on-line personal computer that was interfaced with an analog-to-digital converter (DI-720U, Dataq instruments, MA, USA). After 20 minutes of lying down on the tilt table, baseline value for the ECG was recorded continuously for 10 minutes during spontaneous breathing. At the end of this period, all study subjects were passively erected to a 70 o head-up tilt position within 15 seconds. A 10 minute, head-up tilting ECG was RRIv is the variance of RRI, and RRIm is the mean of RRI. All data were presented as the mean ± SD or median. Logarithmic transformations of the QT variables were performed because the absolute values were not normally distributed.
Repeated measurements of a two-way analysis of variance with multiple comparisons among groups (Holm-Sidak test) were performed, based on liver cirrhosis severity and the tilt test. A P value < 0.05 was considered statistically significant.
Results
The demographic characteristics of all study subjects are presented in Table 1 . The study was completed without any complaints including light-headedness. QTVI in Child class C patients increased significantly compared to both the control group and, Child class A patients in the supine position (Fig. 1) . QTVI increased significantly in the control group after the head-up tilt test. Moreover, QTVI in Child class C patients was also significantly higher than that in Child class A patients after the head-up tilt test. In addition, the QT interval was significantly prolonged in Child class B and C patients compared with the control group in the supine position ( Table 2 ). After the head-up tilt test, the QT interval decreased significantly in Child class A and B patients. QTc prolongation has been frequently found in liver cirrhosis (0 vs 22% in the supine and head-up tilt positions, respectively). The prevalence of an abnormal QTc (QTc ≥ 450 ms) was 2 (16%), 1 (8%), and 5 (42%), respectively, in each Child class in the supine position.
Discussion
In this study, we found that QTVI significantly increased according to the severity of liver disease. The head-up tilt test significantly increased QTVI in the control group, but QTVI in cirrhotic patients did not change after the head-up tilt test. However, it significantly shortened the QT interval in Child class A and B patients.
The QT interval refers to the period from the earliest activation of ventricular myocardium to the end of the latest repolarization. Prolongation of the QT interval is related to sudden cardiac death, malignant ventricular arrhythmias, and poor sur- 
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vival in patients afflicted with many diseases, such as myocardial infarction and cardiac dysfunction [6, 7] . It is well known that QTc is prolonged in ESLD [1] [2] [3] [4] [5] . The prolongation of QTc in cirrhotic patients is independent of etiology, and associated with an increased risk of sudden cardiac death in alcoholic liver cirrhosis [5, 18] . Bernardi et al. [3] reported that QTc prolongation was correlated with the Child score; additionally, patients with an abnormal QTc (> 440 ms) had a significantly lower survival rate in ESLD. In this study, the QT interval and QTc were significantly prolonged in cirrhotic patients in both positions. Many factors may be responsible for the prolonged QTc in cirrhotic patients, such as electrolyte disturbances (hypokalemia, hypomagnesemia, and hypocalcemia), alcohol ingestion, and autonomic imbalance with sympathetic dominance [5, 8, 9] . These factors are associated with cirrhotic cardiomyopathy [1, 2] . In particular, sympathetic hyperactivity and delayed myocardial repolarization due to K+ channel abnormality may contribute to QTc prolongation in ESLD [1, 3] . A QTc prolongation is not a contraindication of liver transplantation, but reversible causes, such as an electrolyte abnormality, should be promptly corrected [2] .
The QTVI provides a noninvasive measure of beat-by-beat QT interval fluctuations the ECG [11] . It represents the relationship between the QT interval and heart rate variability (HRV) and temporal myocardial repolarization lability [10] . Increased repolarization lability is related to ventricular malignant arrhythmias, sudden cardiac death, and mortality due to heart failure [10, 11, 19, 20] . An increased QTVI has also been documented in patients with acute myocardial infarction, left ventricular dysfunction, or in patients facing sudden cardiac death [10, 11, 21] . All of these conditions are present in malignant arrhythmic events; therefore, an increased QTVI might reflect increased vulnerability to arrhythmia [10, 11] . Less information is available on QTVI in cirrhotic patients. We found that QTVI increased according to the ESLD severity. After the head-up tilt test, QTVI decreased negativity in the control group, but it did not change in cirrhotic patients. Increased QTVI was related to increases in the QT variability (numerator in QTVI) and decreases in HRV, with out-of-proportion unchanged or slightly increased QT variance. An increase in QTVI could be caused by a structural change in the myocardium and an alteration in the autonomic nervous system associated with cirrhotic cardiomyopathy. The head-up tilt test results in an increase in the low frequency/high frequency ratio (LF/HF ratio) or a decrease in HF because of enhanced sympathetic activity or withdrawal of the parasympathetic activity [17] . QTVI also reflects the sympathetic activity to some extent, showing as increase in healthy subjects with a postural change from supine to standing [16] . Our finding in the control group is in agreement with the results of Yeragani et al. [16] . Therefore, we investigated the alteration of QTVI after the head-up tilt test in ESLD patients with autonomic dysfunction. Autonomic dysfunction in cirrhosis exhibits impairment of the cardiovascular autonomic reflexes and is associated with an increase in the severity and duration of liver disease [22, 23] . In addition, autonomic dysfunction is associated with reduced HRV, and is related to abnormal circulatory regulation [14, 24] . The head-up tilt test did not increase QTVI in the cirrhotic patients. Although we could not clearly explain this finding, the head-up tilt test may not trigger enough stimuli in cirrhotic patients because they already have sympathetic hyperactivity. The sympathetic nervous dysfunction in ESLD is noted through impaired end-organ responsiveness due to decrease production of neurotransmitters, or receptor down-regulation [25] .
This study has several limitations. First, as we studied only a limited number of patients with liver cirrhosis. Hence, its results must be confirmed with a larger number of cirrhotic patients. In addition, we did not assess the relationship between increased QTVI and the risk of arrhythmia. Future studies are needed to ascertain morbidity related to QTVI.
In conclusion, myocardial repolarization lability was significantly altered in end-stage liver disease. Our data suggest that the severity of liver cirrhosis is associated with increased risk of arrhythmogenesis.
